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Introduction
Since a large volume of clinical data has been stored in a hospital, data mining is coming to be important for decision making in a hospital [1] [2] [3] [4] [5] .
In this paper, we aimed at infection control and analyzed the data on positive blood cultures in order to assess the incidence of blood stream infection and evaluate the effect of detection of this infection patient's care. C4.5 was applied to a dataset, then, chisquare test, odds ratio and logistic regression were applied in order to analyze the effect of lactobacillus therapy to bacteria detection. From odds ratio of lactobacillus absence to lactobacillus presence, bacteria detection risk of lactobacillus absence was about 2 (95%CI: 1.57-2.99).
Experimental results suggest that lactobacillus therapy may be effective in reducing the risk of blood stream infection. Especially, rule induction (C4.5) is useful for extracting background risk factors of blood stream infection from our clinical database.
Medical Background
Usually, there are various bacteria in human body, such as, intestinal tract, oral cavity, and skin etc. And those bacteria form normal bacterial flora. While human maintains good health, the bacteria flora will keep balance and will act as a barrier against infection. However, by external factor, such as medication, stress and diarrhea etc, the normal bacteria flora gets off balance, and loses a barrier against infection. Consequently, bacteria may invade into blood stream of human body. This bacteria invasion into blood stream is called bacterial translocation, which may cause blood stream infection [6] , [7] . It was reported that bacterial translocation might be caused by antibiotics administration [8] and intravenous hyperalimentation（IVH） [9] .
In our medical center, lactobacillus therapy (probiotic product) has been used for patients' recovery from surgery and prevention of postoperative infection, since early 1990s. Currently, lactobacillus preparation is used in the most departments of our center.
This study was undertaken to analyze the effects of lactobacillus therapy and the background risk factors of blood stream infection in patients by using data mining techniques. From the blood culture samples of patients on blood stream infection, various bacteria have been usually detected. Therefore, there might be the relationships between various treatments (lactobacillus therapy, drug, catheter, etc.) and bacteria detection on positive blood cultures.
Objective and Methods

Objective
For the prevention of blood stream infection, we analyzed the effects of lactobacillus therapy and the background risk factors of bacteria detection on blood cultures. For the purpose of our study, we used the clinical data collected from the patients, such as laboratory results, isolated bacterium, anti-biotic agents, lactobacillus therapy, various catheters, departments, and underlying diseases, etc. Table 1 shows the attributes of the hospital infection control data.
Datasets
The population for this study consisted of 1291 patients with blood stream infection who were admitted to our center between January and December, 2002. 
Methods
As the analytical methods, we applied C4.5, chisquare test and logistic regression. "If-then rules" were extracted from the decision trees. The chi-square test and logistic regression were applied in order to analyze the effect of lactobacillus therapy. The subjects were divided into two groups by the absence or presence of lactobacillus therapy. Lactobacillus group patients were administrated lactobacillus preparation or yoghurt within 5 days from microbial detection in blood cultures, and control group patients never took those preparations.
Results
Decision Tree
The following decision tree was obtained as the relationship between the bacteria detection and the various factors, such as diarrhea, lactobacillus therapy, antibiotics, surgery, tracheotomy, CVP/IVH catheter, urethral catheter, drainage, other catheter, etc. (See Fig.1 and Fig.2 ). Fig. 1 shows the sub-tree of the decision tree on lactobacillus therapy = Y (Y means its presence.). And Fig.1b shows the sub-tree of the decision tree on lactobacillus therapy = N (N means its absence). The first node of the decision tree is lactobacillus therapy(Y/N). Therefore, lactobacillus therapy might be the most significant factor for prevention of blood stream infection. In the sub-tree on lactobacillus therapy(Y/N) = Y (Fig.1) , the second branch is diarrhea(Y/N), and the third branch is catheter(Y/N). 
Rule Induction
The following significant "If-then rules" were extracted from the above decision tree between the bacteria detection(Y/N) and the various factors. 
In Sub-tree on Lactobacillus Therapy
Presence: Fig.1 shows the sub-tree on lactobacillus therapy presence. In case of lactobacillus therapy, it was considered that there might be trivial risk of bacteria detection from blood samples by the above odds ratio analysis.
Therefore, the following significant "If-then rules" were extracted from the sub-tree in Fig.1a .
If-then rule -1:
If Concerning the above rule, it was considered that lactobacillus therapy presence might prevent bacteria detection from blood sample when patient has diarrhea and catheter inserted into the blood vessel. That is, even though patient has diarrhea, lactobacillus therapy might protect patient's normal bacterial flora.
If-then rule -3:
If If-then rule-3 showed that lactobacillus therapy presence might not prevent bacteria detection from blood sample when patient has diarrhea and has no catheter and antibiotics. When patient might have diarrhea by antibiotics, lactobacillus therapy could not protect patient's normal bacterial flora.
4.2.2
In Sub-tree on Lactobacillus Therapy Absence: Fig.2 shows the sub-tree on lactobacillus therapy absence. In case of non lactobacillus therapy, it was considered that there might be some risk of bacteria detection from blood samples by the above odds ratio analysis.
Therefore, the following significant "If-then rules" were extracted from the sub-tree in Fig.2 
If-then rule -4: If Lactobacillus therapy (Y/N) = N and Tracheotomy (Y/N) = Y and Surgery (Y/N) = Y and Diarrhea (Y/N) = N and Drainage (Y/N) = Y, then Bacteria = Y. (0.92 = 12/13)
If-then rule-4 showed that lactobacillus therapy absence might not prevent bacteria detection from blood sample when patient has tracheotomy, no diarrhea, central venous pressure (CVP) catheter, intravenous hyper-alimentation (IVH) catheter and drainage after the surgery.
If-then rule -5:
If If-then rule-6 showed that bacteria detection from blood sample might be prevented by anti-biotics when patient has lactobacillus therapy absence, no tracheotomy and no diarrhea.
From these rules, there might be the strong relationship between treatment (tracheotomy, surgery, etc.) and bacteria detection from blood samples in case of lactobacillus therapy absence.
Chi-square Test and Odds Ratio
Chi-square test was applied to evaluate the association between lactobacillus therapy and blood stream infection (bacteria detection on blood cultures). Table 2 shows the cross table of the bacteria detection on blood samples and the lactobacillus therapy. In this cross table, its p-value was 0.000000159 < 0.01. Therefore, the effect of lactobacillus presence to lactobacillus absence was considered statistically significant. Odds ratio was calculated as the relative risk of lactobacillus absence to lactobacillus presence.
Probability of bacteria detection on lactobacillus absence is p = 247/914. Probability of bacteria detection on lactobacillus presence is q = 55/377. Odds ratio (OR) of lactobacillus absence to lactobacillus presence is given by OR = p / (1-p) / q / (1-q).
From the above formula, odds ratio of the lactobacillus absence, OR = 2.17. The 95% CI (confidence interval) was between 1.57 and 2.99. As the bacteria detection risk of lactobacillus absence was about 2 (95%CI: 1.57-2.99) to lactobacillus presence, lactobacillus therapy might be significantly effective to prevent the bacteria detection on blood sample. Thus, these results show that lactobacillus therapy might have the effect to the prevention of blood stream infection.
Logistic Regression
Using the above same target variable and the same explanatory variables, logistic regression was applied to analyze the relationship between bacteria detection and lactobacillus therapy, antibiotics, etc.
Target variable (W) is bacteria detection(Y/N) and explanatory variables (X 1 , X 2 , , , X 9 ) are lactobacillus therapy(Y/N), antibiotics(Y/N), , , diarrhea(Y/N).(see Table III ). This logistic regression model is given by next equation:
Log (W / (1 -W)) = B 1 X 1 + B 2 X 2 + B 3 X 3 + B 4 X 4 + B 5 X 5 + B 6 X 6 + B 7 X 7 + B 8 X 8 + B 9 X 9 + B 0 Table 3 shows the analytical result of this logistic regression equation. In Table 3 , lactobacillus therapy(Y/N) has the biggest absolute value among the standard partial regression coefficients. Therefore, lactobacillus therapy might be the most significant factor for prevention of blood stream infection. The top 5 rankings of these absolute values of the standardized partial regression coefficient in Table III  include Therefore, the result of the logistic regression showed that bacteria detection have strong relationship with lactobacillus therapy, anti-biotics, diarrhea, catheter, and tracheotomy.
These explanatory variables from this logistic regression analysis are very similar in ranking to the high order branch variables of the above decision tree. However, logistic regression analysis could not indicate the analytical results, which are constructed by the combination of explanatory variables as If-then rules from a decision tree.
Adjusted Residual Analysis
Various bacteria, such as Staphylococci, Enterobacteria, Anaerobes, Gl-nonfermentative, Enterococci, Streptococci, Fungi, and Resistant microbes, etc., were detected from blood samples. Fig.3 showed these bacteria counts in lactobacillus absence and the bacteria counts in lactobacillus presence. The counts in lactobacillus presence group are smaller than those counts in the absence group. Adjusted residue was applied in order to analyze the above blood microbial counts in lactobacillus therapy. Table IV indicates adjusted residue for the blood microbial counts in lactobacillus absence and lactobacillus presence. Its p-value = 0.00151 < 0.01 statistically significant.
The top 3 rankings of these absolute values of the adjusted residue in Table 4 include Anaerobes, Fungi, and Resistant microbes. Therefore, lactobacillus therapy might be especially effective for the reduction of blood stream infection by Anaerobes, Fungi, and Resistant microbes. 
Discussion
We had an empirical rule that lactobacillus therapy (probiotic product) is effective in patient prognosis. Currently, lactobacillus preparation is used in the most departments of our center.
This analysis was conducted to extract background risk factors of blood stream infection in a year data of 2002, by chi-square test, decision tree, If-then rules and logistic regression.
Anti-biotics preparation has antibiotic properties, but it tends to get off balance of the normal bacteria flora and to cause diarrhea. On the other hand, lactobacillus therapy regulates the functions of the intestines and has no side-effects [10] . From the results of chi-square test (Table II) , its pvalue was 0.000000159 < 0.01. The odds ratio of lactobacillus absence to lactobacillus presence showed that bacteria detection risk of lactobacillus absence was about 2 (95%CI: 1.57-2.99). Therefore, lactobacillus therapy might be significantly effective to prevent the bacteria detection on blood sample.
On the other hand, the first node of the decision tree was lactobacillus therapy(Y/N). Therefore, lactobacillus therapy might be the most significant factor for prevention of blood stream infection. Various significant If-then rules were extracted from the decision tree. From (If-then rule-1), lactobacillus therapy presence might prevent bacterial translocation when patient has not diarrhea and has central venous pressure (CVP） catheter and intravenous hyper-alimentation (IVH） catheter after the surgery. From (If-then rule-2), it was considered that lactobacillus therapy presence might protect patient's normal bacteria flora and might prevent bacterial translocation from the intestinal tract even though patient has diarrhea. Furthermore, (If-then rule-4) and (If-then rule-5) showed that tracheotomy might caused bacteria detection from blood sample when patient has intravenous hyper-alimentation (IVH ） catheter on lactobacillus therapy absence.
As the above mentioned, it was reported that bacterial translocation might be caused by antibiotics administration [8] and intravenous hyper-alimentation （IVH） [9] . Patient, who has tracheotomy, could not almost swallow down. Furthermore, when the patient has also intravenous hyperalimentation (IVH）catheter, bacteria in patient's oral cavity might increased abnormally and the patient's intestinal tract might lost its functions. Therefore, bacterial translocation from oral cavity or intestinal tract might be yielded.
The results of the logistic regression (Table 3) showed that bacteria detection has strong relationship with lactobacillus therapy, anti-biotics, diarrhea, catheter, and tracheotomy etc.
From the results of adjusted residue (Table 4) , lactobacillus therapy might be especially effective for the reduction of blood stream infection by Anaerobes, Fungi, and Resistant microbes.
As shown in these results, decision trees, rule induction and logistic regression give us more useful results for decision making and risk management. Finding particular rules, patterns, and trends in the vast database is important, not only to the extraction and to the verification of the evidence-based medicine (EBM) for infectious diseases, but also to the prevention of incidents and the promotion of risk management. Especially, in the hospital infection control, the prevention of the hospital infection is mostly important. It is necessary and indispensable for the prevention of the hospital infection to analyze the background factors of blood stream infection.
Thus, the above empirical study shows that decision tree and rule induction method were found to be an effective method by our analytical study of background factors in blood stream infection.
Conclusion
In this paper, C4.5(decision tree and rule induction), chi-square test, odds ratio, logistic regression, and adjusted residual analysis were applied in order toextract certain patterns from our hospital clinical microbiology database, whose aim is to analyze the effects of lactobacillus therapy and the background risk factors on blood stream infection in patients by using data mining. The significant "If-then rules" were extracted from the decision tree between bacteria detection on blood samples and patients' treatments, such as lactobacillus therapy, antibiotics, various catheters. Then, chi-square test, odds ratio and logistic regression were applied in order to analyze the effect of lactobacillus therapy to bacteria detection. From odds ratio of lactobacillus absence to lactobacillus presence, bacteria detection risk of lactobacillus absence was about 2 (95%CI: 1.57-2.99). The significant "If-then rules", chi-square test, odds ratio and logistic regression showed that lactobacillus therapy might be the significant factor for prevention of blood stream infection.
Experimental results show that lactobacillus therapy may be effective in reducing the risk of blood stream infection. Especially, rule induction method is useful for extracting background risk factors of blood stream infection from our clinical database.
